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LECTURE 5
Pointers

Pointers are variables that contain memory addresses as their values. Normally a variable directly contains a specific value. A pointer, on the other hand, contains the address of a variable that contains a specific value. 

This means that a variable name directly references a value, whereas a pointer indirectly references a value.

int count;

int *countPtr, *pCount;

count = 5;

countPtr = &count;

pCount = &count;

Variable countPtr is said to “point to” counter.



Representation of count and countPtr in memory

Dereferencing a pointer

The * operator, commonly referred to as the indirection operator or dereferencing operator, returns the value of the object to which its operand (i.e., a pointer) points. For example, the statement


printf( "%d\n", *countPtr );
Prints out the value of variable count, namely 5. Using * in this manner is called dereferencing a pointer.

Calling Function by Reference

There are two ways to pass arguments to a function – call by value and call by reference.

Call by value passes the actual value through to the function. Any changes to the value have to be returned using return. The problem with this method is that only a single value can be returned.

Many functions require the capability to modify one or more variables in the caller, or to pass a pointer to a large data object to avoid the overhead of passing the object call by value. (this involves making a copy of the object).

Call by reference allows the programmer to pass an address of a large data object to a function. The indirection (dereferencing) operator (*) is used to modify values within the data object

int cubeByValue (int); 
void cubeByReference (int*);

int _tmain(int argc, _TCHAR* argv[])

{



int count = 5;


int *pCount = &count;


// call by value


count = cubeByValue (count);


printf("call by value = %d\n", count);


count = 5;

// call by reference



cubeByReference(pCount);


printf("call by reference = %d\n", *pCount);


return 0;

}

int cubeByValue(int a)

{


return a*a*a;

}

void cubeByReference(int *a)

{


*a = *a * *a * *a;

}


Pointer Expressions and Pointer Arithmetic

Pointers are valid operands in arithmetic expressions, assignment expressions and comparison expressions. However, not all the operators normally used in these expressions are valid in conjunction with pointers.

Pointers may be incremented (++) or decremented (--). 

An integer may be added to a pointer (+ or +=), or subtracted from a pointer (- or -=), or one pointer may be subtracted from another.

int v[5] = {4,17,8,12,15};


int *vPtr;


vPtr = v;

// 4


vPtr = &v[0]; 
// 4


vPtr +=3;

// 12

vPtr --;

// 8



	v[0]
	v[1]
	v[2]
	v[3]
	v[4]





	v[0]
	v[1]
	v[2]
	v[3]
	v[4]



	NB> When an integer is added to or subtracted from a pointer, the pointer is not simply incremented or decremented by that integer, but by that integer times the size of the object to which the pointer refers.


Pointer variables may be subtracted from one another
For example, if pArray contains the memory location 3000, and pArray2 contains the memory location 3008, the statement

int x = pArray2 - pArray;

assigns to x the number of array elements from pArray to pArray2, in this case, 2. 

	NB> Pointer arithmetic is meaningless unless performed on an array. We cannot assume that two variables of the same type are stored contiguously in memory unless they are adjacent elements of an array


The relationship between Pointers and Arrays

int b[5] = {1,20,13,72,8};


int *bPtr;

Since the array name (without a subscript) is a pointer to the first element of the array, we can set bPtr equal to the address of the first element in array b with the statement:
bPtr = b;

This is the same as taking the address of the first element of the array as follows:


bPtr = &b[0];

Pointer / Offset Notation

Array element b[3] can alternatively be referenced with the pointer expression:


*(bPtr+3)

The 3 in the above expression is the offset to the pointer. 

The parenthesis are necessary, as the precedence of * is higher than the precedence of +. Without the parenthesis, the above expression would add 3 to the value of the expression bPtr.

Just as the array element can be referenced with a pointer expression, the address


&b[3]
can be written with the pointer expression:


bPtr+3
The array itself can also be treated as a pointer and used in pointer arithmetic. For example the expression


*(b+3)

also refers to the array element b[3].

Pointer/Subscript Notation

Pointers can be subscripted exactly as arrays can. For example the expression:


bPtr[1]

refers to the array element b[1].

Remember that an array name is essentially a constant pointer; it always points to the beginning of the array. Therefore, the expression 

b += 3
is invalid because it attempts to modify the value of an array name with pointer arithmetic.

The above discussion demonstrates that array elements can be referred to by one of the four methods:

	b[1]
	Array subscript notation

	*(b+1)
	Array offset notation – where the pointer is the array name

	bPtr[1]
	Pointer subscript notation

	*(bPtr+1)
	Pointer offset notation


Exercise: REFERENCING ARRAYS 

Write a program that uses four printf routines to demonstrate the four different methods discussed for referring to array elements.

Write a program that passes an array to a function called scaleVector() and scales the array using pointer offset notation.
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